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CRV-4555  amplifier  and  CRV-53001  low  pass  filter  with  and 
without  AVC.  Plate  201 
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CRV-53010  band  pass  filter  with  and  without  AVC.  Plate  205 

Attenuation  characteristic  of  CRV-53010  band  pass  filter.  Plate  206 

Harmonic  content  of  CRV-30019  input  transformer,  CRV-4555 
amplifier  end  CRV-53001  low  pass  filter  with  and  without 
AVC.  Plate  207 

Harmonic  content  of  RAB  audio  system  with  and  without  AVC.  Plate  20fi 

Harmonic  content  of  RAA  audio  system  with  and  without  AVC.  Plate  209 

Impedance  characteristic  of  CRV-30019  input  transformer, 

CRV-4555  amplifier,  and  CRV-53001  low  pass  filter  with 

and  without  AVC.  Plate  210 

Overload  characteristics  of  RAA  and  RAB  audio  systems  with¬ 
out  AVC.  Plate  211 

Overload  characteristics  of  RAA  and  RAB  audio  systems  with 
AVC.  Plate  212 
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\  1-1  The  tests  as  reported  upon  herein  were  authorised  n,  n 

of  engineering  letter  S67/46/L5 (I2-22-W8 )  of  26  Daee.bo^lm  EurK” 

II  OBJECT 

2.1  This  problem  requires  that  exhaustive  f0ofc.  „  ■.  . 

Uodel  MA  end  Model  RAB  receiving  equipments  be  mede  to  provid^tbe0^^! the 

fff^**1*  f°r  °<*  raised  speoifiedtLs'=ove“LgTebred 

III  DESCRIPTION  OF  ECUrPRKNT 

-  T^e  r®celvera  tested  were  manufactured  by  the  RCA  Vie  to-  Comnanv 

fhSCiS;  eJ'’  C°ntraCt  22837'  tta  Eo<Iel  “*  consists*  of  the 

1  -  CRV  4550  Radio  Frequency  Tuner  Serial  #115 
1  -  CRV  4551  Intermediate  and  Audio  Amplifier  Serial  I'll 
1  -  CRV  4554  Power  Unit  Serial  #157 

The  Model  RAB  consists  of  the  following: 

1  -  CRV  4552  Radio  Frequency  Tuner  Serial  #74 

1  "  cru  US  intCrmnUf^  Frequency  Amplifier  Serial  #74 

^  1.  -  CRV  4554  Power  Unit  Serial  #203 

on  Plates  So  “  reporfced  upon  and  covered  by  the  data,  shown 

2S°  to  217  lnoluf!lve,  was  not  the  one  included  in  either  of  the 
receiver  models,  but  was  made  up  of  the  following  parts  purchased  from  the 
same  company  and  uxider  the  same  specifications  as  apply  In  the  receiver 
contract,  on  Naval  Research  Laboratory  Contract  R-173  S-I893. 

1  Type  CRV  30019  input  transformer,  35.7-1  ratio 
1  Type  CRV  53001  low  pafes  filter 

1  Band  pass  filter  either  .  53002  for  the  RAA  or 

,  „  (Type  CRV  53010  for  the  RAB. 

1  Type  CRV  4555  audio  chassis 

.  f16  joitage  supply  to  the  assembled  audio  system  was  as  indicated 

in  the  instruction  books  supplied  with  the  RAA  and  RAB  equipments  The 
standard  power  unit  was  used  for  voltage  supply  in  all  casef  where  Wave 
form  ana  harmonic  analysis  data  was  taken.  A  Laboratory  power  pack  was 
employed  in  other  tests  due  to  there  being  but  one  complete  suSted^odel 

oLlv°f  J?Tth  fq"JP"int  fvsUable’  these  b<ilr*K  required  almost  oontinu- 

uJj  for  other  tests  which  were  made  simultaneously  with  the  audio  tests. 
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3-4  Both  receivers  are  of  the  superheterodyne  type.  The  covers 
the  range  of  10  to  1000  and  the  RAB  1000  to  30000  kcs.  These  equipments 
are  AC  operated  from  a  60  cycle  110  volt  power  supply  and  have  an  output 
impedance  suitable  for  use  with  from  one  to  four  pairs  of  600  ohm  telephone 
receivers  connected  in  parallel.  y 

3-5  The  Model  RAA  employs  an  antenna  coupling  capacitor  to  the  first 
of  two  loosely  coupled  tuned  circuits  which  are  followed  by  a  single  type 
38035  R-F.  amplifier  tube.  The  R.F.  amplifier  tube  has  a  tuned  plate  circuit 
which  is  inductively  coupled  to  the  tuned  grid  of  the  first  detector.  The 
•  first  detector  as  well  as  the  second  function  as  plate  detectors  for  weak 
signals  while  for  stronger  signals  they  function  with  both  grid  and  plate 
rectification  due  to  the  presence  of  grid  leak  and  stopping  condensers  as 
well  as  cathode  bias  resistors.  Both  the  first  and  the  second  oscillators 
are  type  38027  tubes.  Their  oscillator  circuits  are  inductively  coupled 
to  the  detector  cathode  bias  lead.  The  coupling  transformers  from  the 
first  detector  to  first  I.F. ,  from  first  to  second  I.F. ,  and  from  second 
I.F.  to  second  detector  have  tuned  primary'  and  tuned  secondaries  which  are 
slightly  less  than  critically  coupled,  inductively.  The  second  detector 
feeds  into  a  low  pass  filter  cutting  off  at  around  4,000  cycles  and  a  band 
pass  filter  may  be  cut  in  at  will  giving  appreciable  attenuation  below  750 
and  above  1250  cycles.  The  audio  amplifier  consists  of  a  resistance  coupled 
stage  employing  a  type  38024  tube  followed  by  38027  output  stage  feeding 
into  a  600  ohm  output  transformer.  An  automatic  volume  control  is  pro¬ 
vided  which  may  be  cut  in  at  will.  This  consists  of  a  high  ratio  step  up 
transformer  the  primary'  of  which,  for  AVG  action,  is  cut  in  parallel  with 
the  output  transformer.  The  secondary  is  center  tapped  and  feeds  to  two 
38027  vacuum  tubes  connected  as  biased  rectifiers.  As  the  receiver  audio 
output  voltage  is  applied  to  the  rectifier  anodes  (plate-grid),  this  anode 
resistance  decreases.  This  resistance  is  reflected  through  the  high  ratio 
transformer  resulting  in  a  lowering  of  the  effective  impedance  load  in  the 
receiver  output  stage  plate  circuit,  thus  limiting  the  output  voltage.  The 
degree  of  limitation  is  controlled  by  a  variable  cathode  bias  on  the  recti¬ 
fier  tubes,  thus  providing  an  audio  output  level  that  can  be  controlled  by 
the  bias  voltage. 

3-6  The  Model  RAB  receiver  input  couples  to  the  antenna . through  a 
variable  coupling  capacitor  which  is  used  to  compensate  for  various  antenna 
constants,  thus  providing  the  ability  to;. obtain  resonance  in  the  first  tuned 
input  circuit.  There  are  two  capacitively  coupled  tuned  circuits  preceding 
the  first  R.F.  tube,  which  is  a  type  38058  pentode.  This  tube 1 s  grid  is 
connected  through  a  1.0  megohm  leak  to  a  fixed  1.5  volt  negative  bias  and 
is  coupled  to  its  grid  circuit  through  a  250  uufd  capacitor.  The  plate  of 
the  first  R.F.  tube  connects  to  a  mid  tap  of  the  inductance  forming  a  part 
of  the  tuned  grid  circuit  of  the  second  R.F.  stage.  The  tuned  grid  circuit 
of^this  stage,  as  well  as  that  of  the  first  and  that  of  the  first  detector 
also,  employs  a  fixed  series  capacitor  in  addition  to  the  customary  variable. 
The  capacitance  of  this  fixed  capacitor  varies  from  about  double  to  triple 
that  for  the  maximum  of  the  variable  depending  upon  the  frequency  band.  The 
grid  coupling  capacitor  for  both  of  the  R.F.  amplifier  grids  is  connected 
between  the  fixed  and  the  variable  capacitors.  The  grid  of  the  second  R.F. 
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tube  obtains  its  bias  voltage  through  a  1.0  megohm  leak  which  is  connected 
to  a  potentiometer  volume  control.  The  bias  voltage  variation  obtainable 
from  this  volume  control  is  from  -1.5  to  -75  volts.  The  plate  of  the  second 
R.F.  tube  connects  to  the  detector  tuned  grid  at  a  mid  point  on  the  induc¬ 
tance  similar  to  the  preceding  stage.  The  grid  of  the  detector,  however, 
is  connected  directly  to  the  plate  of  the  second  R.F.  tube  through  a  coupling 
capacitor  and  to  ground  or  -B  through  a  1.0  megohm  leak.  The  detector  func¬ 
tions  as  a  plate  rectifier  for  weak  signals  due  to  a  cathode  bias  resistor 
but  for  sufficiently  strong  signals  to  draw  grid  current,  both  grid  and  plate 
rectification  occur.  Both  the  first  and  the  second  oscillators  are  type 
38064  tubes.  These  oscillators  couple  to  their  respective  detectors  induc¬ 
tively  through  couplings  provided  in  their  cathode  circuits.  The  oscillator 
filaments  are  heated  by  direct  current  supplied  from  the  rectified  B  supply 
potential  divider.  The  plate  circuit  of  the  first  detector  is  tuned  to  the 
I.F.  and  coupled  through  a  low  impednace  line  to  the  tuned  grid  circuit  of 
the  first  I.F.  tube  (type  38035).  The  coupling  transformers  between  the  _ 
first  I.F. ,  second  I.F.,  (type  38035)  and  the  detector  (type  38024)  are  simi¬ 
lar  and  consist  of  separately  tuned  grid  and  tuned  plate  circuits,  capaci- 
tively  coupled.  Both  of  the  I.F.  grids  obtain  their  bias  voltages  from  the 
same  volume  control  voltage  regulating  potentiometer  as  does  the  second  R.F. 
tube  mentioned  previously.  The  second  detector  differs  from  the  first  in 
that  it  is  a  straight  cathode  biased  plate  rectifier.  The  plate  circuit  of 
this  detector  is  provided  with  an  R.F.  filter  in  addition  to  the  transformer 
primary  which  feeds  the  low  pass  filter  as  mentioned  in  connection  with  the 
Model  RAA  audio  system  previously  described.  The  audio  system  is  similar  to 
that  described  for  the  Model  RAA  except  for  the  characteristics  of  the  bano 
pass  filter  system  which  passes  from  700  to  1300  cycles  with  slight  attenua¬ 
tion  and  with  appreciable  attenuation  below  600  and  above  1600  cycles. 

3.7  The  type  CRV-4554  power  supply  unit  which  is  adaptable  to  either 
the  Model  RM  or  the  RAB  has  been  designed  to  operate  from  a  60  cycle  110^ 
volt  line  drawing  approximately  235  watts.  The  power  supply  circuit  consists 
essentially  of  an  R.F.  filter  in  the  110  volt  supply  line  to  the  electro¬ 
statically  shielded  power  transformer,  two  type  38180  rectifier  tubes,  a  two 
stage  filter,  a  voltage  regulator  tube  and  the  voltage  divider  system. 
two  type  38180  rectifier  tubes  are  operated  in  parallel  and  the  type  382  /4 
regulator  tube  is  employed  to  stabilize  the  90  volt  B  supply  which  feeds 
the  oscillator  plates  and  improves  frequency  regulation. 

3  8  In  view  of  the  detailed  description  given  in  the  instruction  books 
supplied  with  each  type  of  equipment,  only  a  brief  description  has  been 
given  herein.  If  further  detail  is  desired,  the  reader  is  referred  to  RCA- 
Victor  Company's  instruction  books  as  issued  with  Contract  NOs  22837  dated 
30  June  1931,  #IB-23206  applying  to  the  Model  RAA  and  #IB-23207  to  the  Mode 

RAB., 
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IV  TESTS 

a.  Outline  of  Tests. 

A  a  1  Inasmuch  as  the  audio  systems  of  the  RAA  and  RAB.receivers 
are  nearly  identical  and  differ  only  in  their  respective  band  pass  fil- 
Cs  Se  following  tests  were  made  using  a  CRV-30019  input  transformer, 

PD  ’ rcr  nmnlifier  and  CRV-53001  low  pass  filter  common  to  the  two 
CRV-4555  amplifie  ,  ea(^Qf  CRV-53002  and  CRV-53010  band  pass 

audio  sys  e  detached  units  which  were  not  installed  in 

filters.  These  units  were  aeoa^  ^  tests.  The  units  were  ar- 

ranged  on  a  separate  "breadboard"  layout  so  that  tests  could  ^°^ed 
Without  interrupting  other  tests  which  were  being  made  on  the  receivers 
simultaneously  with  those  covered  t>y  this  report. 

4.a.2  Tests  which  were  conducted  and  whose  data  are  presented  in 
this  report  are: 

(A)  Audio  frequency  characteristics  of  CRV-30019  input 
^  *  transformer  and  CRV-4555  audio  amplifier  with  and 

without  the  automatic  volume  control  operating. 

(B)  Audio  frequency  characteristics  of  CRV-30019  input 
'  transformer,  CRV-4555  audio  amplifier,  and  CRV- 

53001  low  pass  filter  with  and  without  the  automatic 
volume  control  operating. 

(C)  Audio  frequency  characteristics  of  CR¥-^19taput 

' transformer,  CRV-4555  audio  amplifier,  CRV-53001  low 
pass  filter,  and  CRV-53002  tend  pass  filter  with  end 
without  the  automatic  volume  control  operating. 

(D)  Audio  frequency  characteristics  of  the 

input  transformer,  CRV-4555  audio  amplifier,  CRV- 
53001  low  pass  filter,  and  CRV-53010  band  pass  f 
ter  with  and  without  the  automatic  volume  control 

,  operating. 

(E)  Attenuation  characteristic  of  CRV-53001  low  pass 
-  filter. 

(F)  Attenuation  characteristic  of  the  CRV-53002  band 
pass  filter. 

(G)  Attenuation  characteristic  of  the  CRV-53010  band 
pass  filter. 

(H)  Harmonic  analysis  of  the  CRV-30019  input  ' trans¬ 
former,  CRV-4555  amplifier,  and  CRV-53001  low 
pass  filter  with  and  without  the  automatic  volume 

control  operating* 
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(I)  Harmonic  analysle  of  the  CRV-30019  input  trans¬ 
former,  CRV-45jj  'amplifier,  CRV-53001  iow  ogcb 
f“ter’  ^y-53002  band  pass  filter  withand 
without  the  automatic  volume  control  operating. 

U)  °f,Sf  CRV-30019  input  trans¬ 

former,  CRV-4555  amplifier,  CRV-53001  low  oass 
filter,  and  CRV-53010  band  pass  filter  with  and 
.ittont  tte  autaaatle 

(K)  Overload  characteristics  of  the  CRV-30019  inrnt 
transformer,  CRV-4555  amplifier,  and  CRV-53001 
lo.  pus  filter  With  and  without  the  automatic 
volune  control  operating. 

(L)  Overload  characteristics  of  the  CRV-30019  input 
transformer,  CRV-4555  amplifier.  CRV-53001  low 
pass  filter  and  CRV-53002  band  Jess t UtS  wilh 
and  without  the  automatic  volu«rSntrol  opening. 

(M)  Overload  characteristics  of  the  CRV-30019  innut 
transformer,  CRV-4555  amplifier,  CRV-53001 

*«?  «*>  W-53010  hrnd'pS  fUtir  rtU. 

and  without  the  automatic  voluas  control  operating. 

(H)  5^t.1"pod£nc*  rweu*  milliwatt*  output  of  CRV- 

CRV  53001  low  pass  filter  with  and  without  the 
automatic  volume  control  operating. 

<0)  *  °*  ““U°  'y't“  *Whoat 


. .  4*J:1  ■eeBUrin«  •q^FMnts  listed  in  Table  I,  and  employed  In 
making  tjiese  tests  were  selected  not  only  for  their  rdiabmtvlnd 

cents  required  under  this  Investigation • 

framank^r ^  *®a®w*ing  circuits,  ell  leads  carrying  audio 

1 1S^08  Were  of  *****  oonduc tors .  Input  and 
output  pairs  of  audio  leads  were  spaced  widely  court  «A 

mu*  feed  back  as  possible.  All  ground  connections  from  unlt^under  test, 

L°S,Pi"?M*UUd  app8ratU8  tSSTtSu 

ft  leads,  were  connected  to  a  common  terminal 
2JSi  7°  connected  to  a  common  reference  ground.  This  ground, 

the  best  obtainabie  in  the  Laboratory,  was  the  conduit  housing  the^wer 
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4-b.3  The  rectifier  power  supply  for  the  amplifier  under  test 
was  located  at  some  distance  from  the  units  under  test  and  their  as¬ 
sociated  measuring  equipment  in  order  to  minimize  the  hum  pick-up. 

!Hie  same  precaution  was  exercised  for  the  same  reason  in  selecting 
the  position  for  the  audio  frequency  oscillator  which  had  a  self  con¬ 
tained  rectifier  power  supply. 

4.b.4  Measuring  .Equipment. 

TABLE  I 

_ Name _ ___Type__No.  Serial  .  _ Test  where  used 

General  Radio 


Beat  freq. audio  oscil. 

513B 

44 

A  B  C  D  E  F 

G  H 

IJILIH0 

General  Radio 

600  ohm  var."H"  pad. 

452 

66 

E  F 

G 

General  Radio  amplifier 

249T 

186 

E  F 

G 

General  Radio  wave 

analyser 

636A 

102 

A  B  C  D  E  F 

G  E 

I  JELII  0 

Daven  A.C.  voltmeter 

1600 

1453 

A  B  C  D  E  F 

G 

H 

Biddle  decade  res. 

1438 

ABCDEF 

G  B 

I  J  N 

General  Radio  decade 

res. 

102K 

5720 

A  B  C  D  E  F 

G  B 

I  J  N 

General  Radio  decade 

res. 

102L 

629 

E  F 

G 

General  Radio  decade 

res. 

102K 

5724 

E  F 

G 

General  Radio  output 

meter 

583A 

72 

A  B  C  0 

B 

I  JKLUN0 

4-b-5  The  measuring  circuits  used  in  this  test  ere  shown  on  Plates 
215  and  216.  , 

4.b.6  Overall  Audio  Discrimination  Characteristics.  In  general, 
the  procedure  in  making  tests  on  overall  audio  discrimination  was  to  im¬ 
press  the  audio  signal  from  the  audio  frequency  oscillator  across  a  non- 
inductive  decade  voltage  divider  having  a  total  resistance  of  10,000 
ohms  because  this  load  afforded  the  best  matching  conditions  for  the 
oscillator  for  a  minimum  wave  distortion.  A  portion  of  this  voltage 
was  tapped  off  and  fed  to  the  input  of  the  amplifier  or  amplifier  and 
filter  combinations,  as  the  case  may  be,  through  the  input  transformer 
(CRV-30019)  normally  working  out  of  the  plate  of  the  detector.  Inserted 
in  series  with  the  voltage  divider  tap  end  one  side  of  the  primary  of 
the  input  transformer  was  a  250,000  ohm  resistor  whose  function  was  to 
simulate  the  normal  plate  load  of  the  detector.  The  other  end  of  this 
primaiy  winding  was  connected  to  the  ground  end  of  the  voltage  divider. 
The  output  of  the  audio  system  under  test  was  fed  to  a  600  ohm  resistor 
which  was  the  internal  load  of  a  General  Radio  output  meter.  This  in¬ 
strument"  served  not  only  as  a  load  but  as  an  indicator  of  the  output. 
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output  signal  or  voltage  aern^ct  -i  , 

Radio  wave  analyser  which  L  a£o ffieasf  f  with  a  General 
wave  analyser  was  used  so  as  to  assure  °  llent  ^cui*  tube  voltmeter.  Hie 
ml  frequencies  instead  of  theirhS^fTf0  f^ental  sig- 

ssfLSSi^?  •s,^rs^ skam* 

h0D“  Pr0dUMS  -  iJStSiu  of 

«=«»  a»s. 

^fer  40  Jable  11  for  circuit  constants  end  for  reference 
to  the  type  of  -easuring  circuit  used  to  obtain  the  curves! 

late  msmtea flSEBBfegElggfig  2£  fillers.  In  order  to  ei*u- 

iaUcs  SiheXr5TISr!0nSti0^,ln  *ce£Cring  tt®  attenuation  characte?- 
iatics  of  the  filters,  the  audio  signal  was  reduced  to  a  lowWaue  Vmd 

fed  across  a  10,000  oha  non-inductive  decade  voltage  divider  lha  tan 
from  the  voltage  divider  was  brought  out  at  600  Bia  riT+IZ*  *5** 

test  was  bridged  across  the  600  X  portion  Vnder 

output  of  the  filter  under  tS  «  JSSL?" 

coaled  awplifier  through  a  General  Radio  variah^.^ 

attenufte  the  Eldnal  to  the  resistance  coupled  awplifier  This 
enpiifier  was  loaded  with  a  20,000  oh-  non-inductSoleSe  resi^ 

KadlfjJfCl^Sf  "r°“  thU  reElEte”M  ■““»«  *ltk  the  General 

4-b.lO  The  reason  for  attenuating  the  signal  lew!  ♦«,„ 
te^e  eotpied  awplifier  was  to  prevent  overloading  of  the  ttpUfier 

T?r«PaSf.Sd  °f  the  mter6»  and  to  keep  the  output  level  of 
the  amplifier  within  the  range  of  the  wave  analyser.  3he  gain  of  th* 

kept  constant  throughout  these  weasurewente,  *o^that  the 

5T^  *“«<*■*■««  content  for  6 

the  tvne  nr  TJblef11  for  circuit  constants  and  references  to 

the  type  of  -ensuring  circuit  used  and  curves. 

4.b.l2  Measurement  o£  Harmonic  Content.  In  the  (totemt  ».,«.* _ 

tte  hamonic  content  of  the  RM^Tfirfdio  syste-s  at  IMOevSL 
the  circuit  set  up  was  the  sawe  as  described  under*  »««  /  cycles. 
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4.b.l3  Refer  to  Table  II  for  circuit  constants  and  reference  to 
type  of  measuring  circuit  used  to  obtain  the  curves. 

X.b.14  Overload  Characteristics.  In  making  these  tests  the  sig¬ 
nal  from  the  audio  frequency  oscillator  was  fed  directly  across  the 
primary  of  the  input  transformer  having  shunted  across  it  a  250,000 
ohm  resistor.  Otherwise  the  arrangement  of  the  measuring  circuit  is 
the  same  as  described  under  per.  4.b.6.  The  wave  analyser  was  used 
in  these  measurements,  however,  to  measure  the  input  voltage  Impressed 
across  the  250,000  ohm  resistor.  The  output  level  in  milliwatts rwas 
indicated  on  the  General  Radio  output  meter.  Observations  were  made 
on  the  combinations  of  units  which  have  been  previously  described, with 
and  without  AVC  until  overloading  of  the  audio  system  was  reached. 

4.b.l5  Refer  to  Table  II  for  circuit  constants  end  references 
to  measuring  circuit  used  to  obtain  the  curves. 

4.b.l6  Output  Impedance  Characteristics .  The  measuring  circuit 
set  up  for  these  tests  was  similar  to  that  described  under  par.  4-t.6 
except  that  the  input  voltage  was  measured  with  a  Daven  A.C.  voltmeter 
having  an  internal  resistance  of  20,000  ohms.  This  test  was  made  using 
only  that  portion  of  the  audio  system  which  is  common  to  both  the  RAA 
and  RAB  receivers. 

4.b.l7  Output  levels  were  measured  with  and  without  AVC  for  a 
constant  1,000  cycle  signal  Input  level  while  the  load  impedance  was 
varied.  Curves  of  milliwatts  output  versus  load  impedance  were  plotted. 
See  Table  II. 


4.b.X8  The  data  compiled  for  the  attenuation  characteristics  of 
the  filters  were  corrected  to  compensate  for  the  error  due  to  the  fre¬ 
quency  characteristic  of  the  measuring  system  os  shown  on  Plate  213. 
The  harmonic  analysis  data  in  like  manner  was  corrected  to  make  duo 
allowance  for  the  harmonic  content  of  the  audio  frequency  oscillator 
os  shown  on  Plate  214. 
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TABLE  II 

Circuit  Constants,  ref.  to  Measuring  Circuits  and  Curves. 
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V.  RESULTS  OF  TESTS 


5.1  The  results  for  all  of  the  measurements  were  plotted  in  curve 
form  and  are  shown  on  the  plates  indexed  as  follows: 


Plate  Ho. 


Description  of  Curves. 


Audio  frequency  characteristics  of  the  CRV-30019  input 
transformer  and  CRV-4555  amplifier. 

Audio  frequency  characteristics  of  the  CRV-30019  input 
transformer,  CRV-4555  amplifier,  and  CRV-53001  low 
pass  filter. 

Attenuation  characteristic  of  CRV-53001  low  pass  filter. 

Audio  frequency  characteristics  of  CRV-30019  input  trans¬ 
former,  CRV-4555  amplifier,  CRV-53001  low  pass  filter, 
and  CRV-53002  band  pass  filter. 

Attenuation  characteristic  of  CRV-53002  bend  pass  filter. 

Audio  frequency  characteristics  of  CRV-30019  input  trans¬ 
former,  CRV-4555  amplifier,  CRV-53001  low  pass  filter, 
and  CRV-53010  band  pass  filter. 

Attenuation  characteristic  of  CRV-53010  bend  pess  filter. 

Harmonic  analysis  of  CRV-30019  input  transformer,  CRV- 
4555  amplifier,  and  CRV-53001  low  pass  filter. 

Harmonic  analysis  of  CRV-30019  input  transformer,  CRV- 
4555  amplifier,  CRV  -53001  low  pass  filter,  and  CRV- 
53010  band  pass  filter. 

Harmonic  analysis  of  CRV-30019  input  transformer,  CRV- 
4555  amplifier,  CRV-53001  low  pass  filter,  and  CRV- 
53002  band  pass  filter. 

Output  impedance  characteristic  of  CRV-30019  input 
transformer,  CRV-4555  amplifier, and  CRV-53001  low 
pass  filter. 

Overload  characteristics  of  RAA  and  RAE  audio  systems 
without  AVC. 

Overload  characteristics  of  RAA  and  RAB  audio  systems 
with  AVC. 


-11- 


BuEng . Prob . R5— 10 


Plate  No. 


Description  of  Curves 


213  Audio  frequency  characteristic  of  Measuring  Eymtm. 

214  Harmonic  analysis  of  beat  frequency  audio  oscillator. 

5.2  The  overall  gain  of  the  integral  part  of  the  RAA  and  RAB 
audio  systems  (exclusive  ot  kind  pass  filter^  is  28.58  db  for  5  milli¬ 
watts  output  across  the  600  ohms  at  1,000  pycTes  and  input  measured 
across  the  input  transformer  (CRV-30019  primary). 

VI  COHCLDSIOMS 

6.1  Plate  200  reveals  that:  without  AVC  the  audio. freqa*** dULr‘ 
acteristic  of  the  CRV-30019  input  transformer  andCRV-4555 
combination  is  substantially  flat  from  250  to  14<»0  cycles,  but 

off  quite  decidedly  fro®  250  to  50  cycles.  This  response  characteristic 
is  free  of  resonant  peaks  throughout  its  spectru®. 

6.2  With  AVC  the  audio  frequency  characteristic  of  the  above  com¬ 
bi  nation  assuaes  band  pass  characteristics  which  not  only  attenuate  the 
^^T^enSS,  also  attanoata  the  le«r  rangefr.quen- 
clM  nore  then  Is  already  done  hy  the  natural  response  charaeterlstle  of 
the  CTriM""*1™  without  automatic  volume  control. 

6  3  Bccninatlon  of  Plates  201  and  202  develops  that:  without  the 
automatic  volume  control,  the  curve  shown  on  Plate  201  is  equivalent,  or 
nearly  so,  to  the  curve  shown  on  Plate  202  superimposed  on  that  ehown  on 

tte  re6ton-i.taMn  li000  ejrel.Shna  cuVof^*"^  £ f ' 

ss arc  SKSSto ?;  ;***■«“ 

occura  at  1,500  y*ea  In  vie.  of  the  fact 

maguiwuo  fnr  the  curve  shown  on  Plate  201  than  on  Plate 

202/^STdlstrlbuted  capacities  of  the  wiring  of  the  amplifier  would  also 
contribute  to  this  difference  in  attenuation. 

6.4  It  would  be  well  at  this  stage  to  point  out  that  the  above 
reasoning  is  based  on  the  fact  that  the  attenuation  characteristic  of 
the  low  pass  filter  was  measured  with  the  input  and  output  terminals 
talteS/soO  oh.  non-inductive  reeletore.  «hll.  this  filter  1.  Ithout 
a  dohbt^ designed  for  600  ohm  circuits,  it  is  not  known  at  the  time  of 

nf  this  report  just  exactly  what  the  reflected  impedances  facing 
"“flit!?  S?  Sre  le  e  strong  Indication  that  these  lepeden^"8 
more  capacitive  than  inductive.  Such  a  state  of  affairs  would  quite 
naturally  introduce  phase  difficulties  which  were  not  considered  under  this 
inveSStSn  arvi  which  would  play  an  important  in  determining  the  cut.  off 
frequency  and  attenuation  of  the  filter. 
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6.5  The  effect  of  the  automatic  volume  control  on  this  combina¬ 
tion  is  similar  to  that  shown  on  Plate  200  except  that  its  band  pass 
properties  are  more  accentuated  due  to  the  assistance  it  receives 
from  the  low  pass  filter. 

6.6  Without  automatic  volume  control,  the  overall  frequency 
characteristics  of  the  RAA  and  RAB  audio  systems,  as  shown  on  Plates 
203  and  205  respectively,  are  closely  identical  with  the  attenua¬ 
tion  characteristics  of  their  respective  band  pass  filters.  Die 
discrepancies  between  the  overall  characteristics  and  the  character¬ 
istics  of  their  respective  band  pass  filters  are  due  to  the  differ¬ 
ences  in  the  accuracies  of  the  methods  used  in  measuring  the  attenu¬ 
ation  curves  for  each  audio  system  and  to  the  fact  that  the  low  pass 
filter  enters  into  the  "overall*  picture. 

6.7  With  AVC,  as  is  to  be  expected,  ‘greater  attenuation  is 
realized  on  both  sides  of  the  pass  band  of  both  the  RAA  and  RAB 
audio  systems.  These  characteristics  with  AVC  follow  the  charac¬ 
teristics  without  AVC  up  to  the  points  of  maximum  attenuation.  Be¬ 
yond  these  points  greater  attenuation  is  realized  with  AVC. 

t 

6.8  The  harmonic  analyses  of  the  RAA  and  RAB  audio  systems 
show  that  without  automatic  volume  control  the  hum  from  the i power 
supply  which  appears  at  the  output  terminals  is  largely  the  second 
harmonic  of  the  A.C.  power  frequency  and  that  this  harmonic  is  prac¬ 
tically  constant  for  all  loads  up  to  5  milliwatts,  the  rated  output 
of  the  system.  The  fundamental  of  the  power  frequency  is  practically 
jail  at  full';  output,  but  increases  as  the  output  is  decreased.  The 
second,  third,  and  fourth  harmonics  of  the  1,000  cycle  input  signal 
are  in  evidence  without  the  band  pass  filter.  With  the  band  pass 
filter,  the  hecond  harmonic  disappears. 

6.9  With  automatic  volume  control,  the  60  cycle  fundamental 
of  frequency  from  the  power  supply  disappears  entirely  for  all 
loads.  The  second  harmonic  is  not  quite  so  constant  and  the  third 
harmonic,  while  less  in  magnitude,  |ias  the  same  general  curve  as 
does  the  second.  The  magnitudes;  of  the  second,  third,  and  fourth 
harmonics  of  the  1,000  cycle  input  signal  and  their  variation  with 
output,  are  affected  quite  extensively  by  the  band  pass  filters. 

6.10  In  any  event,  the  maximum  sum  total  of  harmonics  does 
not  exceed  3-5^  without  AVG  or  10%  with  AVC.  This  increase-  in 
harmonic  content  With  AVC  is  due  to  the  AVC  transformer.  The  ac¬ 
tion  of  this  AVC  is  to  cause  rectification  to  take  place  in  the 
AVC  tubes  and  when  this  does  take  place,  the  current  passes  through 
the  tubes,  producing  in  effect  a  partial  "short"  across  the  AVC  trans¬ 
former-  This,  of  course,  drops  the  reflected  impedance  across  the 
output  transformer  to  the  extent  that  the  output  tube  no  longer 
operates  into  its  normal  plate  load  and  hence  the  distortion  is  in¬ 
creased.  As  is  to  be  expected,  this  increase  in  distortion  decreases 
with  decrease  in  output  because  the  action  of  the  AVC  is  less  pro¬ 
nounced. 
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6.11  Plates  211  and  212  show  the  overload  characteristics  of  the 
RAA  and  RAB  audio  systems  with  and  without  AVC.  It  will  be  noted  that 
without  AVG,  overload  is  reached  at  different  levels  depending  upon  the 
type  of  band  pass  filter  used.  With  only  the  low  pass  filter  in  opera¬ 
tion,  overload  is  reached  at  about  190  milliwatts.  The  adtion  of  the 
AVC  is  also  dependent  upon  the  type  of  band  pass  filter  used.  The  ef¬ 
fect  of  the  band  pass  filter  is  to  require  higher  input  signals  to  cause 
the  output  to  reach  a  constant  value. 

6.12  Plate  210  shows  that  ."the  output  is  properly  designed  to 
match  a  600  ohm  load  without  AVC  and  that  this  load  can  be  varied  over 
a  wide  range  without  detriment  to  the  available  output.  With  AVC,  the 
load  which  gives  maximum  output,  or  in  other  words,  the  correct  match¬ 
ing  load,  is  100  ohms  which  is  further  evidence  for  the  "shorting"  action 
of  the  AVC. 

6.13  The  audio  characteristic  of  the  measuring  system  shown  on 
Plate  213  is  largely  due  to  the  General  Radio  amplifier.  The  errors 
introduced  in  the  meter  calibrations  and  the  attenuator  over  the  audio 
frequency  spectrum  is  small. 

6.14  Audio  discrimination  data  is  accurate  to  within  +  1/2  db  over 
the  pass  bands  and  accurate  to  within  +  2  db  within  the  attenuated  regions. 
This  decrease  in  accuracy  is  due  to  leakages  throughout  the  measuring  cir¬ 
cuit. 

6.15  The  performance  of  the  RAA  and  RAB  audio  systems  is  commendable. 
The  data  show  that  considerable  thought  arid  consideration  were  given  to 
the  engineering  of  these  two  designs.  The  characteristic  of  the  amplifier 
itself  is  such  as  to  attenuate  A.C.  ripple  frasthe  rectifier  to  a  level 
as  to  render  it  inaudible  in  the  head  phones  when  an  audio  signal  is  pre¬ 
sent. 

6.16  Tie  low  pass  filter  meets  in  all  respects  the  manufacturer's 
specification  as  well  as  Navy  Specifications  R &  13A  403C. 

6.17  The  band  pass  filters  of  both  the  RAA  and  RAB  audio  systems 
more  than  meet  both  the  Navy’s  and  manufacturer's  specifications. 

6.18  There  is  some  indication  of  instability  in  the  two  audio  systems 
especially  in  the  RAB  audio  system.  More  exact  data  will  be  taken  on  this 
matter  for  presentation  in  a  future  report.  This  data  will  be  taken  on  the 
audio  systems  in  their  respective  receivers. 

VII  RECOMMENDATIONS 

7.1  -In  future  designs  it  is  recommended  that  the  following  improve¬ 
ments  be  considered. 

(A)  The  first  audio  tube  (38024)  be  shielded  to  prevent  instability. 
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(B)  7i\e  second  audio  tube  (38027)  and  AVO  tubes  (38027) 
fee  pepl&eed  with  the  type  $6  tube  which  ia  much  more 
up  to  date  and  is  likely  to  stay  in  produotion  over 
ilenpr  period.  Bata  will  be  taken  to  determine  the 
f fusibility  §£  using  this  new  tubs  in  tbe  present  cirv 
euit  without  further  aodifiaatione*  The  results  of 
these  teste  will  be  released  in  a  future  report# 

7»|  Qaleulatione  will  be  made  to  determine  if  smaller  low  nass 
filters  esn  fee  made  having  the  sMe,  if  St  UterW 
ferpn.ee  pnn^  these  in  the  MA  end  RABaudio  systems  through  the  Le 
of  speeMt|41eyateeig  f0r  the  eores  of  the  filter  motS,  mSS 
reoewefldstiens  «  tQ  the  feasibility  ef  including  such  mters  iJT 
future  designs  will  be  made  in  a  later  report# 

..  I]3  investigations  of  the  power  supply  unit  will  be  made  with 

?8j?et§.  in -View  of  Obtaining  data  on  regulation,  ripple,  and 
radlp  frequency  disturhanae  for  a  future  report, 
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